Abstract. This study was conducted with 90 poultry slaughterhouse workers, which perform the function of removing chicken parts from the conveyor belt, and sample was composed of 66 women (33.5 ± 6.5 years) and 24 men (35.7 ± 7.2 years), aiming to analyze the influence of anthropometry in the shoulder joint of these workers. Body discomfort was evaluated by a human body diagram, being applied at the end of the work shift. The anthropometric measurement of shoulder was performed by measuring the height of the acromion process, being compared with the height of the conveyor belt. Analysis of the results was performed by descriptive statistics, mean, standard deviation, percentage and percentiles 5%, 50% and 95%. It was found that the height of the conveyor belt was 1.74 meters, while the average shoulder height of workers was 1.38 meters for percentile 5%, 1.41 meters for percentile 50% and 1.65 meters for percentile 95%. The discomfort regions were shoulder 45%, neck 29%, column 26%, arms 23%, and wrists and hand 20%. The upper limb assessment was performed with percentile 5% through the Rapid Upper Limb Assessment method, resulting in a final score > 7, indicating the need for adjustments of the work organization. It was concluded that the workplace does not meet the workers' anthropometric characteristics, mainly affecting the shoulder joint, and correction ergonomics becomes necessary so that the workers involved in this study can perform their functions with health, comfort and safety.
Introduction
In contemporary world, a great technological breakthrough has been observed, but unfortunately, some sectors need to advance in the ergonomics field. Thus, it is clear that the agribusiness sector, in special meat-packing plants, although under development in recent years, still has much to progress, since organizational, anthropometric, psychosocial and environmental concerns should be considered, which contribute to the development of occupational diseases of workers [10, 23] . During the work activities of meat-packing plant employees, various activities are undertaken, which use the shoulder joint with a significant frequency and mostly with inadequate posture. Anthropometry is the science that studies the anatomical structures, providing measurements of the human body [30] . In ergonomics, anthropometry plays an important role, since a poorly structured design in anthropometrical terms contributes to the illness of the worker, especially when this structure is designed for the average person, because the smallest (percentile 5%) and highest ones (percentile 95%) will be harmed [23] . In this sense, [13] reported that the shoulder joint is the most flexible of the human body, providing conditions to perform move-ments with significant amplitude, but demands beyond its functional capacity may compromise its integrity. However, all extreme movements of the shoulder can only be done rarely and against little resistance, otherwise, it might suffer from overload that probably will lead to injury [12] . It is known that one of the most overloaded structures is the supraspinatus muscle, which when contracted causes humeral joint discomfort, impairing the mobility of this region [23] . Thus, when it remains statically for a long time with arm away, it will also develop a significant load on tendons and ligaments [28] .
In this sense, it is important to protect all body joints, especially the shoulder joint. The wide variety of shoulder movements by one hand favors mobility, but on the other, when the physiological limits are not respected and labor activities are held in poor ergonomic conditions, these activities can significantly compromise the health of workers, in particular poultry slaughterhouse workers, who have a considerable use of this joint [5] . This author also warns that tasks performed with arms up compromise the integrity of this joint. Thus, preventing inflammation of the synovial bursa becomes critical to the health of workers so that the tendons of the supraspinatus and long head of the biceps brachial muscles can perform their functions without hindrance at the acromial region, and it is worth mentioning that bursa play a vital role in nourishing the muscles, mainly the muscles of the rotator cuff [1, 22] . In this way, this study contributes to slaughterhouse professionals, preventing important pathologies such as the shoulder impingement syndrome, and tendinitis of the supraspinatus, which is caused when the shoulder protrudes forward with arms up and tendinitis of the long portion of the biceps, which is caused by permanence of wrist flexion with pronation of the forearm and mainly by the arm abduction, which is worsened when the arm is suspended without being supported [1] .
Ergonomics is defined as the adaptation of work to the worker, where knowledge on psychology, anatomy and physiology contribute to improving the relationship between man, equipment, tools and environment, studying the fundamental criteria to adapt the workplace to human characteristics through theories, principles, methods and data that can provide a healthy, comfortable and safe work environment [23] .
The existence of ergonomic risk factors in the workplace has a strong relationship with the emergence of musculoskeletal diseases. Thus, it is necessary to verify the anatomical region affected, and factors such as effort duration and intensity, work cycle, existence of recovery breaks and gender involved should be considered [12, 17, 23] .
The ideal ergonomic environment should be built before being used, in accordance with the characteristics of each individual worker. In this sense, anthropometry describes the quantitative differences of measures of the human body, providing support for ergonomics to fit workplaces [14] .
Technological changes introduced in the production line have enabled organizations to increase productivity and therefore profits, but brought consequences to the health of workers, which can be perceived in their physical, psychological and social sphere [21] . The emergence of new diseases related to changes made to the world of work has been evidenced in scientific productions in recent decades. Therefore, it is up to ergonomics to show ways for the improvement of the quality of life of these workers [12, 17, 23, 25, 36] .
The shoulder has a complex joint that provides the greatest mobility among the joints of the human body, and due to this wide mobility, this joint is subject to various injuries, especially when submitted to repetitive and impacting tasks [39] , and further exams are needed for a more precise evaluation of the affected tendon [24] .
In the industrial environment, the shoulder impingement syndrome is the most common injury in the shoulder joint mainly caused by tasks performed in textile industries, supermarket operators, among other, which are highly repetitive tasks, causing pain, occupational injuries, removals and loss of productivity, often reaching functional disability, affecting mainly women [2] . It is likewise important to prevent workers from factors that contribute to the development of this syndrome, avoiding incorrect postures, repetition of movement and lifting arms above the shoulder level for long periods of time [7] .
Vigorous and repeated movements of the upper limbs, with arms above shoulder level, will lead to clamping of the supraspinatus muscle tendon between the humeral head and coracoacromial ligament, resulting in ischemia, inflammation and pain; repetitiveness leads to calcification, which perpetuates inflammation, especially when rising arms above shoulder level [4, 28] .
Bursae are small pads of membrane with synovial fluid, which helps lubrication to facilitate movement, and when a tendon surrounded by the bursa moves with frequency, it irritates this membrane, producing an inflammatory process known as bursitis, causing pain and limited movement. Thus, it is important to adjust the height of the work plan, because if objects to be reached are too high, this height will need to be compensated with an increased flexion of the shoulders, which can cause pain at the level of shoulder blades, neck and shoulders, with worsening of the chronic disease, evolving into subacromial bursitis [4, 11] . Shoulder injuries can be classified as work-related illnesses due to working conditions that require awkward positions, repetitive movements, painful pace of work or unfavorable working conditions. Shoulder injuries, as well as other work-related musculoskeletal disorders are multifactorial, and may be due to the aggravation of a previous clinical condition; therefore providing favorable conditions within work organizations to prevent diseases of this joint is critical for the integrity of the worker's health [3] . Therefore, the aim of this study was to analyze the influence of anthropometry in biomechanics of the shoulder joint of a poultry slaughterhouse workers.
Method

Participants
This study was conducted with 90 poultry slaughterhouse workers, which perform the function of removing chicken parts from the conveyor belt, and sample was composed of 66 women (33.5 ± 6.5 years) and 24 men (35.7 ± 7.2 years), aiming to analyze the influence of anthropometry in the shoulder joint of these workers. The procedures were approved by the local Committee for Ethics in Research with Human Subjects, according to the Declaration of Helsinki.
Instruments
Physical discomfort was evaluated using the human body diagram, being applied at the end of the work shift [16] .
The anthropometric measurement of the shoulder was performed measuring the height from the acromial process (shoulder) to the ground [33] . The shoulder height was measured using a stadiometer, Cardiomed model, measuring from 40 cm to 220 cm in an erect position with arms extended downward, feet together against the apparatus and look at the Frankfurt plane. The ergonomic risk in the workplace was assessed by the RULA method -Rapid Upper Limb Assessment [29] , which evaluates the biomechanics of arms, forearms, wrists, neck, trunk and legs, using scores ranging from 1 to 7, where values equal to or greater than 7 indicate that the workplace is not suited to the physiological characteristics of workers, and additional values such as intensity, strength and presence of breaks can also be observed (Table 1) . 
Data Analysis
The analysis of results was performed by descriptive statistics, mean, standard deviation, percentage and percentiles 5%, 50% and 95% [3] .
Results
It was verified that the height of the conveyor belt was 1.74 meters, and the workers' average shoulder height was 1.38 meters for percentile 5%, 1.41 meters for percentile 50% and 1.65 meters for percentile 95%. The discomfort regions were shoulder 45%, neck 29%, spine 26%, arms 23%, wrists and hand 20%, confirming that for these workers, the most affected joint is the shoulder. Thus, this workplace can develop pathologies at the shoulder joint ( Figure  1 ).
Fig. 1 -Discomfort percentage in joints
In this study we found that many workers adopt incorrect postures according to the dimensional characteristics of the work equipment. Being satisfied that the workers included in the 5% percentile mostly women, are most affected (Figure 2 ).
Fig. 2 -Body position adopted by the workers of the production line
The assessment of the workplace was performed using the Rapid Upper Limb Assessment method [29] , using percentile 5%. The assessment of the workplace using the Rapid Upper Limb Assessment method [29] , carried out with percentile 5%, showed a value > 7, indicating the need for an immediate investigation in the organization of this workplace.
Discussion
Problems related to women's health in relation to musculoskeletal disorders have shown increasing levels, considerably impairing the quality of life in this population [35] .
Shoulder injuries cause not only discomfort and pain but also provide reduction of the joint mobility, negatively affecting the functionality of the upper limb, affecting the work and daily life activities, reducing the quality of life of affected people, representing a major social and economic problem, given the high cost of treatment for recovery [4, 19, 21, 31] .
Musculoskeletal problems arising from poorly organized work environments are concerning, as they lead to the appearance of occupational diseases with negative economic and social repercussions both for companies and for government, and especially for the family. Thus, providing an ergonomic workplace is of fundamental importance for companies due to the loss of employees, and for the government, which should provide the payment of welfare benefits for treatment and rehabilitation [20, 41] .
Anthropometrical data of a population are a crucial tool for ergonomics, providing information needed to size tools, machinery, equipment and workplaces, whether with static or dynamic posture, in standing or sitting position, in order to verify the adequacy of the task to the anthropometric characteristics of workers, according to criteria established by ergonomics, so that the task performed does not cause the appearance of diseases [12, 18] .
Importantly, the collection of anthropometric data from populations of workers is needed throughout the production process, where man x machine interaction is necessary. In this sense, work organizations should be warned that the designing of workplaces should be done individually in order to meet the characteristics of each subject. Unfortunately, in function of the high costs, anthropometric surveys are conducted to meet the majority of the population and in some cases to meet percentiles 5%, 50% and 95% [17] .
Raising the arms above the shoulder level will lead to mechanical compression of tendons of rotator cuff and subacromial bursa muscles and tendons of the long head biceps muscles, pressing the anterior surface of the acromion and corocoacromial ligament [4, [7] [8] [9] 13, 27, 31, 34, 38] .
Several muscles contribute to the stability of the shoulder joint, and this set of muscles is called the rotator cuff, composed of four muscles and tendons (supraspinatus, infra-spinal, subscapularis and teres minor), which originate in the scapula and insert on the tuberosities of the humerus, being responsible for the movement and stability of the glenohumeral joint [4, 6, 31] . Thus, the excessive use these muscles can contribute to the formation of calcium deposits within the tendon, mainly affecting the tendon of the supraspinatus muscle [37] .
In today's world, the need for large production contributes to the establishment of workplaces in the form of production line with conveyor belts that are not designed to meet the heterogeneous characteristics of workers. Thus, it is important to emphasize that a workplace poorly sized will raise the production costs and undermine the motivation of workers due to unnecessary energy expenditure and fatigue stemming from incorrect postures provides discomfort to the worker, many times leading to the occurrence of diseases [36] .
Designing a work environment for the average person is aimed at comforting most users; however, when men and women perform the same job, this will affect their health due to the significant difference of anthropometric measurements between men and women, and only a small number of workers will be benefited [36] . In this sense, the importance of anthropometry for ergonomics becomes evident, so that workers can perform their activities with maximum comfort and efficiency [12, 17, 23, 36] .
Diseases arising from repetitive movements, known as RSI (Repeated Strain Injury) affect the muscular system, where joints, ligaments, tendons and nerves are the most affected, especially when the worker does not recover or rest. In this sense, repetitive work with arms above shoulder level provides significant contractions of the upper limb joints, especially shoulder, leading to shoulder impingement syndrome [11] [12] 19] . Thus, the rotator cuff can be affected by tendinopathies, mainly bursitis and calcific tendonitis, with narrowing of the subacromial space, which can have mechanical, biological or multifactorial origin, due to incorrect postures of the shoulder joint [26] . To keep the shoulder joint from being vulnerable to illness, the work plan cannot be above the worker's shoulder level, thus avoiding overloading in this joint [25] . Therefore, repetitive movements should be avoided, since the performance of repetitive and forceful movements with arms raised above the shoulder level will compromise the supraspinatus muscle, which is responsible for the arm abduction, hampering its mobility [15] .
Thus, it was found that the workplace is inadequate and should be investigated immediately, and the shoulder joint was the most frequently exposed to occupational risk, since 80% of workers remained with their arms raised above the shoulder level, which caused injuries and pain in this region, corroborating the report of several authors, who warn that lifting the arms above the shoulder level provides unnecessary wearing of the humeral joint [4, [7] [8] [9] [11] [12] [13] 19, [27] [28] 31, 34, 38] .
It could be concluded that the job does not meet the workers' anthropometric characteristics. Thus, it is worth mentioning that the shoulder joint is the most affected, since the poor design of the workplace provides a lifting of the arm above the shoulder line, contributing to a physiological wear of this joint, leading to loss of production and to several diseases. According to reports from [28] , the lifting of the arm above the shoulder line in addition to repeated movements will contribute to ischemia, inflammation and pain, leading the worker to the loss of the labor function. Thus, it appears that correction ergonomics is necessary for these workers to perform their duties with health, comfort and safety.
It was found that workplaces should be suited to anthropometric measurements of workers. In addition, recovery breaks and job rotation should be included during the work shift. Finally, it is important that men and women do not develop repetitive tasks with the same intensity and volume in function of their anthropometric and physiological differences.
